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The effectiveness of periodic blowing down of boilers from 
low points. (0b effektivnosti periodicheskoy produvki 
kotlov cherez nizhniye tochki) 
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drum type boilers is widely used in power statiorm to remove 
sludge. There is a large number of low points on each boiler. 
so the work is laborious and much heat and condensate are 

lost several times a week. Authors of earlier articles have 
doubted the need for blowing down in this way on medium 
pressure boilers. The question has now been studied experi- 
mentally in a high pressure boiler. Monthly water analysis 
figures are given for a period of nearly two years in a 
boiler type TH-230 of 100 atm. Water circulation diagrams are 
given and the location of sludge deposits is described. 

It is concluded that during normal operation of a poiler 
the sludge contained in the water is in a state of suspension 
and is uniformly distributed. Sludge is deposited only at 
places where the water is relatively still and then it is 
washed away as soon as the water speed rises. Sludge is not 
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1. Klinika kozhnykh 4 venericheskikh bolezney Moskovskogo oblastnogo 
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(dir. P.M.Leonenko) i Inatitut virusologii imeni D,I.Ivanovskogo (dir. - : 
deystvitel'nyy chlen AMN SSSR prof, V.M.Zhdanov) AMN SSSR. ee 
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deystvitel'nyy chlen AMN prof. A.A. Letavet) AHN SSSR. 
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ROGOVIN, Z.A., redo; ROGAYLINA, A.A., red.3; SHPAK, Ye.G., tekhn.red. 
C idapaiseacenmrisil. Meiacnictd Is 
[Progress in the chemistry and technology of polymers; collected 
works] Uspekhi khimii i tekhnologit volimerov; sbornik. Pod red. 
Z.A.Rogovina, Moskva, Gos.nauchno-te, tn.izd-vo khim.lit-ry, 1960. 
Vol.3. 1960. 210 p.- (MIRA 1437) | 
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TSURUTA, Teydzi [TSuruta, Teiji], dots.; OVECHKIN ,M.K. [translator]; 
SERGEYEY, A.F., red.; ROGAYLINA, A.A., red.; KOGAN, V.V., 
tekhn. red. Peg ee hh ene 


[Preparation of synthetic polymers | Reaktsii polucheniia 
sinteticheskikh polimerov. Pod red. A.P.Sergeeva. Moskva, 
Goskhimizdat, 1963. 196 p. Translated from the Japanese. 
(MIRA 17:1) 

1. Inzhenerno-tekhnicheskiy fakul'tet Kiotskogo universiteta, 
Chlen Obshchestva po issledovaniyu polimerov i chlen Yapon- 
skogo knimicheskogo obshchestva (for Tsuruta). 

(Polymers) (Chemistry, Organic--Synthesis) 
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AUTHORS: Gil'dengorn, Ie Ses Rogel'berg, I. Le 
name t 


TITLE: The study of high-temperature oxidation of nickel-silicon alloys 


SOURCE: Fizika metallov i metallovedeniye, ve 17, noe hy 1964, 527-535 


an 
‘ 
‘ 
t 


TOPIC TAGS: nickel silicon alloy, high temperature oxidation, electronography, 


oxide formation, thermocouple, adhesion/ Hl brand nickel, KrO brand silicon, URS 
501 radiographic apparatus , ADV 200 bala-ce no ot 


ABSTRACT: In this work the kinetics of oxidation of alloys of Ni with 09-60% — | 
by wt of Si were studied at temperatures of 1000, 1100, and 12000. On the basis | . 
of electronographic and radiographic investigations of the phase properties of the!” 
oxide layers it is shown that alloying of Ni with Si increases the cinier 
resistance of Ni and that this is due to the formation of Si0, in the suboxide 
layer. The alloy was prepared from Hl brand nickel (Ni % 99.94%) and KrO silicon’ 
(Si % 90%) in a high-frequency induction furnace in magnesite crucibles using 
ergon at a pressure 1 atm. The ingot (450 g wt) was rolled to a thickness of Ook | 
mm, From these cold rolled bande specimens 25 x 60 ma were cut. These specimens, 
were then polished with a paper No. 2/0, degreased in bensene end in acetone, end. 

af2 ._ : : 
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| ACCESSION NRs APO34052 
i} stored in‘a dessicator until tested. The rate of oxidation in the process of 

| isothermal exposure was determined by periodically weighing the specimen, using 

‘| a balance of the type ADV-200. The temperature during oxidation was maintained 

!| to an accuracy of + 5G. The oxidation proceeded in air at atmospheric pressure 

| for 10 hrs at 1000 and 11000 and for 10 and 50 hrs at 12000. The phase properties | 
‘| of the oxide layer were studied with the aid of radiographic apparatus of the type; - 
:| URS=501 and by electronographic methods, The results of the experiments showed | 

:} that the addition of silicon increased the cinder resistance of Ni in the process 

‘| of oxidation at temperatures of 1000-1200C. The cinder resistance of alloys with: | 

‘| $=7% Si was considerably higher than that of pure Ni. The kinetics of oxidation | 

| in the majority of cases obeyed an approximately parabolic law. The basic factor : 

| influencing the oxidation appeared to be the formation of a surface af Ni0-Si0,_ 


! 
i 
i 
j 


; alloy. The adhesion properties of the oxide film on alloys with 2.6 to 6.4% Si 
j| were less than the adhesion properties of the film on pure Ni or lowealloyed Nie . 
| With increased time of exposure, the adhesion of the oxide layer had a tendency to | 
., increase. Orig. art. hast 6 figures and k tables. 
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.' AUTHOR: Volkogon, G. M.; Rogel’berg, I. Le 
‘ITITLE: Effect of certain elements on nickel ductility at high temperac, 
: tures : { 


‘ 


SOURCE: Tavetny*ye metally*, no. 6, 1964, 66-71 


torre TAGS: nickel, nickel hot shortness, alloyed nickel, nickel DEE 
‘ductility, alloyed nickel ductility, nickel alloy, alloy hot shortness, 
‘alloy hot ductility, alloy ductility, nickel magnesium alloy, nickel (\. 
‘calcium alloy, nickel strontium alloy, nickel titanium alloy, nickel ;: 
‘zirconium alloy, nickel hafnium alloy, nickel boron alloy, nickel : 

; lanthanum alloy, nickel cerium alloy 


{ ‘ . 

1 ABSTRACT? The effect of alloying elements on nickel dv. -ility at 
itemperatures of 20—550C, 550—-950C, and 1000—1100C i.-: veen inves~ i: 
‘tigated. Unalloyed nickel is brittle at 400—-950C, and especially at. 
‘800C. Alloying with lithium increases ductility at 400—-800C; reduc- .- 
ition of area reaches 30% at 0.12% Li. At 1000—-1100C the ductility of © -: 


‘nickel alloyed with Li is very high, and the reduction of area is oe 
ioe - Magnesium, calcium, and strontium at low contents increase 


ne ren eee a eae emer meen eeeee eS oe tm c nema women muneere comes eo wwe lee eee men ee oe 
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APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014451 


‘{accRSSTON NR: AP4040699°0 a 


St have an adverse effect. Beryllium has no effect on ductility at: 
‘500——900C, but has a beneficial effect at high temperature. Boron, in: -: 


lehe amount of 0.020.052, increases the ductility, especially at see 


'550—-950C, However, beryllium at contents over 0.05% makes nickel britie® 
‘at all temperatures. Aluminum worsens hot shortness of nickel, espe>- ;: 
‘cially at higher contents. Lanthanum-group metals (La, Ce, Pr) isprove ‘. 
‘ductility at all temperatures, provided their content is below Soa! 


'0.053-——-0.0722. Titanium, zirconium, and hafnium hae a beneficial effet: 


‘at 500—900C. Titanium has a weaker effect than zirconium and hafniua, 
‘and an excess of it does not affect the ductility. Vanadium, tantalus, 
‘phosphorus, chromium,’ molybdenum, and tungsten decrease the ductility, 


a 


‘especially at low temperatures. Manganese and rhenium have no bene- baa. 
‘€tcial effect, even if added in considerable quantity. Rhenium, at low: — 


‘contents, widens the range of hot shortness. It follows, therefore, 


that Li, Mg, Ca, Sr, B, Ce, Ti, Zr, and Hf increase the ductility and =. 


‘eventually eliminate hot shortness in nickel completely. Tie above kes 
elements apparently have a high affinity to sulfur (which is the main. |: 
‘eausa of nickel brittleness) and their sulfides have a high melting | 
point. Lithium is the strongest modifier; it eliminates columnar ~ 


& 
i 
Pr 
4 


‘lene ductility at 550—950C,butet contents of 0.2—0.3% Mg or 0.12% Ca or 


“a: 


45. 
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structure and substantially reduces grain size. Ti, Ce, Ca, Zr, and a ee 
Mg have much weaker grain-refining effect. Orig. art. has: 1 figure Paes 
and 1 table, 
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BEZEKOVICH-KHANDROS, S.A.; NOVIXOV, I.Ib; ROGEL'BERG, I.L. 


Effect of initial structure on grain growth during the collective 

recrystallization of brass. Trudy Gipsotsvetmetobrabotka no.l8: 

124.126 '60. (MIRA 13:10) 
(Brass~-Metal lography ) (Crystallization) 
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ROGEL'BERG, I.L.; SHPICHINETSKIY, Ye.5S.; BARANOVA, L.M.; PUCHKOV, 8.1. 
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fechnology of manufacturing and propetties of nickel-tungsten alloys 

in connection with their use for the manufacture of oe 
thode tubes. ‘Trudy Giprotsvetmetobrabotka no. 18:233- ° 

hal (MIRA 13:10) 
(Nickel-tungsten alloys) (Electron tubes ) 
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Some properties of oxygen and sulfur~bearing nickel for anodes. 


Trudy Giprotsvetmetobrabotka no.18:243-253 160. (MIRA 13:10) 
(Nickel-—Metallography ) (Electrodes, Wickel) 


APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014451 


"APPROVED FOR RELEASE: Tuesday, August 01, 2000 


SS eSB RAW DEE NST ES SEE BSE RSMO ESE Te OE AE SSP EBore | EAE ESS SPO C g STs Fae SEE ASE —- 


_CIA-RDP86-00513R001445: 


& 


18 .1215,18.7100 77592 
S0V/129-60-2-5/13 


AUTHORS : Rakhshtadt, A. G., Rogei'berg, I. L. (Candidates 
of Technical Sciencés)s~Vorob'yevas~he P., Puchkov, 
B. L. (Engineers) 


TITLE: Effect of Heat Treatment on Properties and Structure 
of Beryllium Bronze 


PERIODICAL: Metallovedeniye 1 termicheskaya obrabotka metallov, 
1960, Nr 2 pp 20-31 (USSR) 


ABSTRACT: Beryllium bronze possesses elastic properties, 
high corrosion resistance, and adequate electric 
conductivity. It is used for the elastic elements 
of instruments and devices. Inasmuch as previous 
works failed to study the elastic properties of this 
bronze, the authors investigated elastic and re- 
laxation properties of the bronze prepared in the form 
of thin strip. Tne modulus of elasticity was de- 
termined by the dynamic method according to the 

Card 1/10 frequency of resonant-type vibration of a cantilever 
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specimen. Elastic limit was determined by means of 
longitudinal bending of the specimen according to 

the method described in Rakhshtadt, A. G., and 
Shtremel', M. A., Collection MVTU imeni Bauman, 
Physical Metallurgy and Heat Treatment, Mashgiz, 

1955. Residual elongation of the external fiber 

was calculated by formulas of Ye. P. Popov (Popov, Ye. 
P., Theory and Calculation of Flexible Elastic Parts, 
Publishing House LKVVIA, 1947). Permissible residual 
deformation in determining elastic limit amounted to 
0.001 to 0.01%. Relaxation characteristic was de~ © 
termined on the strip bend around mandrels of various 
diameters. The following types of bronze were in- 
vestigated: §2) Br B2 (Be, 2.07; Ni, 0.2%); (2) Br 
B2.5 (Be, 2.56; Ni, 0.31%); (3) Br BNT (Be, 1.9 to. 
2.02; Ni, 0.32; T, 0.19%). For this purpose, 10-kg 
ingots 40 mm thick were hot-rolled at 600-800° C into 
4.5 mn thick strip with maximal reduction of 20-304 
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per pass. Rolled strip was hardened from 800° C 
(holding time 1 hr and water quenching). After 
pickling, specimens were cold-rolled and hardened 
according to the above rates at strip thicknesses of 

3, 1.5, and 0.7 mm. Then, the strip was rolled to 0.6, 
0.43, 0.33, and 0.30 mm thickness. Subsequently, the — 
specimens were hardened in water from 780 to 790 : 

C and rolled to an identical thickness of 0.3 mn; 

i.e., with reductions of 50, 30, and 10% and without 
deformation. Hardening from 780 to 7909 C (holding 

for 10 min and water-cooling at 20° C) was done, 

since such heating brings about a sufficient con- 
centration of beryllium in alpha-solution and 

fine grain structure (10-15 [J grains). Mechanical 

and physical properties of the above bronze specimens 
corresponded to those given in literature for bronzes 
containing 2 and 2.5% Be. Figure 2 shows changes of 
elastic properties hardness, and electrical: resistance - 
of bronze Br B2.5 under the effect of tempering. ie 


Similar figures are given in the paper for the other 
two types of bronze. 
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Caption to Flg. 2 on Card 4/10 


Pig. 2. Change of elastic properties, hardness, 
and electrical resistance of beryllium bronze Br 
B2.5 afte tempering. (a) - at 320° co; ------ 
at 350° ° (b) at: 370° Cc. G,,. elastic limit; 

‘ e 3 

E, ee of elasticity; Pp, electrical resistance, 


ohm + mm Hye Vickers hardness; subscripts at 
m 


Oo residual deformation. 


0.005’ Po.0027 % 


“0.017 


Bronze Br BNT.1.9 has a higher elastic limit than the 
cther two types of bronze. It also exceeds that in- 
dicated in Richards, J., Materials and Methods, Vol 31, 
Nr 4, 1950, and in some Soviet references. This may 
Card 5/10 be ascribed not only to a different method of investiga- 
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tion but also to the use of thin strip with a highly 
homozeneous structure. Tne rate of relaxation at the 
initial stress equal to elastic limit (at om 005 ) 

is higher after tempering at 320° C ror 3 hours than that 
after tempering at 350° C for 1 hour or at 370° c for 
20 minutes (see Fig. 7). 
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Fig. 7. Change of stresses as 
: the result of relaxation of 
a a) beryilium bronze at 20° C after 
“ hardening and tempering. (a) 
320° Cc, 3 hr; (b) 350° C, 1 hr; 
(c) 370° C, 20 min; (ad) 350° c 
after reduction of 30%. 
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Plastic deformation following hardening strengthens 

the bronze and increases its elastic limit and hardness, 
but affects the modulus of elasticity only slightly 

(see Fig. 9). 


Fig. 9. Change of elastic : i 
+. properties, hardness, and electrical 
resistance of beryllium bronze 
- Br 2.5 after hardening, cold 
plastic deformation “Vreduction 


30%), and tempering: 
at 300° C; ---- at 350° C. 
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As a result of this study the following conclusions 

have been made: . (1) heat treatment and plastic 
deformation drastically affect elastic properties 

and structure of beryllium bronze; (2) tempering at 
350-370° C increases elastic limit and modulus of 
elasticity of hardened bronze which reaches its maximum 
with a holding time of 1 hour at 350° C and 20 minutes 
at 370° C;. (3) bronzes containing 2 or 2.5% Be behave 
identically in regard to strengthening. Additions of 

Ti bring about a futher increase of the elastic limit; 
(4) bronzes with 2.5 and, particularly, with 2% Be are 
characterized by nonuniform microscopic decomposition in 
tempering with higher rates: of decomposition along 
grain boundaries; (5) deformation of hardened bronze 
changes the state of initially hardened solid solution 
only with high reduction (30 and 50%); (6) tempering 

of hardened beryllium bronze subjected to plastic deforma- 
tion promotes the value of elastic limit (J 9 99) = 
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100 ke /mm® ) . There are 10 figures; 4 tables; and 

38 references, 22 Soviet, 12 U.S., 2 German, 1 U.K., 
1 French, Tne 5 most recent U.S. and U.K. references 
are: Kelly, A., Acta Metallurgica, Nr 8, 1958; 
Richards, J., ASTM, Spec. Tech. Publication, Nr 129, 
1952; Richards, J., Materials and Methods, Vol 31, 

Nr 4, 1950; Beck, P., Journ. Appl. Physics, Vol 20, - 
Nr 7, 1949; Friedel, J., Phil. Magazine, Vol 44, Nr 
351, 1953. 


Moscow Higher Technical School imeni Bauman (MVTU 
imeni Baumana), State Design and Planning Scientific 
Research Institute for Working of Nonferrous Metals 
(Giprotsvetmetobrabotka) 
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PUCHKOV, B.I.s; RAKHSHTADT, A.G.; -ROGEL! BERG, I.L.; SOKOLOVA, I.M. 
Effect of plastic deformations and heat treatment on the 
anisotropy of beryllium bronze hardening and recovery. 

Issl. splav, tavet. met. noo4s224-232 '63. (MIRA 16:8) 
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(Deformations (Mechanics) 
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; he. “Anvestigated. NK: Ci 
(imately. 2g Mn and Al, 1% Si and Ni. 
Ymelting this alloy in: industrial ‘funaces, because of an. inability” 

0 control its. electromotive properties. |*The authors continued .. 
experiments on the basis of earlier: findings. . Tne effect of the ~~. 
basic components as well as of Fe, Cu and Mg was. observed’ within the - 
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| thermoelectromotive control: of. he: specimens. ane melting: ‘while 

the Mn and Co content was maintained. on an constant level. “At high 
\tomperatures, an inerease:in the Co. Wontents: enhanced: the. thermo- 
electromotive ‘force. The suggested. optimal - composition 1s 1.8 to 
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AUTHORS ¢ puchkov, Beles Rakhshtadt, a.G., Rogel' ber! tbe 


TITLE: Anisotropy of the Limit of elasticity of commercial 


copper spring alloys 
PERIODICAL: Tsvetnyye metally, no.6, 1962, 67-70 


TEXT: The resuits are given of measured values of anisotropy of 
‘mit of O 35 mm thick sheets of pronzes, brasses — 


ae. a7 “Br.A7): 7.68% Al, 92.20% Cu, 0.05% Fes 
OL aro (Br.OTs a3)? 24% sn, 3-020 zn, 92.74% Cu, 


9 
185 (185): 14.96% Zn, 84.78% CU, 0.04% Fei 
19.80% Zn, 15.10% Nis 64.71% Cu, 


0.02% Fes | 


NA 165-15-20 (MNTS 65-15-20) ¢ 
ALL the alloys were investigated after work pardening (rolling with 
a reduction of 57%) and after annealing ata temperature pelow the | 


vecrystallization temperature. The Limit of elasticity was 


measured by cyclic loading during Longitudinal bending.  ™ the 
i i f the Limit 


work hardened state there is 
of elasticity» the magnitude of which 2 
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M.A.Shtremel', Zavodskaya laboratoriya, v.30, no.6, 1960, 744; 
Metallovedeniye i termicheskaya obrabotka metallov, sb.41, - Rafe e vue 
MVTU im. Baumana, 1955, 219) was used to determine 60,005 
of specimens, cut from the cold-rolled sheet at an angle of 

30, 45, 60 or 90° to the direction of rolling. The effect of 

the degree of plastic deformation (in rolling) on the’ anisotropy 
of the elastic limit is demonstrated in Fig.l where 069,005 : 
(kg/mm?) is plotted as a function of the orientation of the test 
piece in relation to direction of rolling, the vertical and hori- 
zontal axes representing respectively, directions parallel and 
normal to the direction of rolling; the degree of plastic 
deformation is indicated by each curve. The effect of annealing 
temperature is demonstrated in Fig.3, where 9% 9,005 (kg /mm2) of 
specimens given 50% reduction is plotted against the annealing 
temperature (°c), curves 1 and 2 relating to values of 90,005 : 
in the direction normal and parallel to the direction of rolling, =. 
respectively. The effect of some other factors’ on the 

anisotropy of the elastic limit is shown in Fig.7, where the 
vertical and horizontal axes represent again the directions 
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Investigating the effect of deformation and annealing on the 
anisotropy of the elasticity limit in an alloy of copper with 


7-percent alumimm. Fiz. met. i metalloved, 13 no.5:728-734 
My '62. (MIRA 15:6) 


1. "Giprotsvetmetobrabotia", i Moskovskoye vyssheye tekhnicheskoye 
uchilishche imeni Baumana, : 
(Copper-aluminum alloys-—Testing) 
(Elasticity) 
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AUTHORS ¢ Rogel' ber I. Lo; Shpichinetskiy, Ye. S., Puchkov, Bole 
Sal Mitova, A. De } 
TITLE s Nickel alloys of high electrical resistivity for cathode 
-filament bases in radio tubes 


SOURCE: Moscow. Gosudarstvennyy nauchno~issledovatel'skiy i pro- 
sektnyy institut obrabotki tsvetnykh metallov. Sbornik 
‘nauchnykh trudov. nO. 20, 1961, Metallovedeniye i obra~ 

botka tsvetnykh metallov i splavov, 117-124 


TEXT: The present work wag aimed at developing Ni alloys suitable 
for the manufacture of filament bases in the so-called teconomical’ 
radio tubes. Suitable alloys were required to possess electrical 
resistivities, of 42 microohms—-cm at room temperature and yf 1714 
microohm-cm (at least) at 850°C. 84 aifferent alloys were prepared 
py quickly melting the charges in a high-frequency furnace. The 
products were subsequently reduced with C and Mg; poured in gra- 
phite forms, water-quenched from 1100°C, then rolled, annealed at 
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g00 - 950°C and fi ening, into 0.5 mm and 2 mm 
wires. After a hea the wires were tested for 
tensile strength (on 2 mm wire, d at 850°C) 
and electrical resistivity j 09°C). The re- 
sistivity at high temperatures was measured under a pressure of 


4074 mmHg on electrically heated sample spirals, 5 mm in diameter; 
made from 1-meter wires. The following systems were investigated: 
Ni-Co; Ni-Fe (with up to 8% Fe); Ni-Ti; Ni-Fe-Ti; NieCo-Ti; Ni-Co- J 
Fe-Ti, with and without additions of either Al, Si, Mg or Mo; and 
Ni-Fe (with 40 to 50% Fe) with small amounts of either Ti, Al cr 

Si. Only the last series was found to satisfy both electrical and 
mechanical. requirements. A survey of the other systems showed that 
the electrical resistivity of Ni at high temperatures is greatly 
enhanced by the addition of up to 5% Ti; the addition of Mo en~ 
hances. the low-temperature resistivity only. The Ni-Fe-Ti alloys 

are recommended for use in cathode bases, in view of their good 
electro-resistivity and mechanical strength and also because of 
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AUTHORS ; Shpichinetskiy, Ye. S., Rogel‘berg, I, L,, Luzenberg, 
A, Aoy Golomolzina, Yuo Ac ‘and Agafonov, A. K. 
TITLE: Investigating the darkening of nickel strip due to an~ 
nealing 
SOURCE: Moscow. Gosudarstvennyy nauchno-issledovatel'skiy i pro- 


yektnyy institut obrabotki tsvetnykh metallov. Sbornik 
nauchnykh trudov. no. 20, 1961. Metallovedeniye i obra~ 
botka tsvetnykh metallov i splavov, 125-135 


TEXT: The authors investigated the effect of composition and of 
various technological factors on the occasional darkening of nickel - 
strip (grades Hn2 (NP2) and HKOZ (NKO2Z2)), occurring after heating 
for 4 hours up to 780 - g00°G, annealing for % hours and cooling 

to room temperature cver 8 —~ 10 hours. Darkening was due to the 


formation of a strongly adhering 10 ~ = 107° om thick film which 
was found to consist of carbon. The effect of composition on dar~ 
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kening was investigated on thinly rolled samples of darkened strip; 
s were electropolished and reheated in vacuo. They 
oled or quenched from 780°C, Films were formed 
cimens with more than 0.04% GC and 0.04% Si, 
put not on quenc tudy showed that gra- 
phitization usually start The in= 
dividual effect of © and j 
annealed in vacuo and containing 
er reducing agents. With samples containing C alone, 
occurred at 0.07% © and more; the presence of Si raised the con= 
centration Limit by 0.01%. The effect of lubrication on darkening 
was studied by coating samples with transformer oil prior to 4an-= 
nealing. The presence of oil enhanced darkening in samples con 
taining more than 0.04% GC, while it had no adverse effect on Sam~ 
ples with lesser concentrations. The chemical analysis of 253 
plant~annealed rolls showed that no darkening occurred in rolls 
containing 9.02 = 0.03% C, while 0,06% C caused intense darkening; 
the total concentration of reducing agents was; qualitatively on~- / 
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ly, related to the extent of darkening. Application of various oils 
in plant conditions always resulted in darkening; yet the removal 
of these oils, prior to annealing, had little effect on preventing 
it, No dependence could be established between the composition of 
furnace gases and the extent of darkening. No change was observed, 
on substituting hydrogen or water vapor to air in the furnace 
space, or on annealing in vacuo at 1072 mmHg. The latter treatment 
eyen enhanced darkening. The laboratory treatment of quenching 
showed equally good results when applied in plant practice. Thus, 
rolls of nickel strip were cleaned, thinned, packed in Ni and Cu 
foils, heated for 3 hours at 780°C, and quenched in water. Only two 
out of ten quenched rolls. showed traces of darkening in their midd- 
le portions. Finally, Ni strip was annealed by continuously passing 
it through an electrical furnace, under hydrogen, at 850°C, at a 
rate of 3 - 5 m/min. This treatment completely prevented the oc- 
currence cf darkening, provided the strip was: quenched immediately 
on leaving the furnace. The film is assumed to be formed as a Te= 
sult of the decomposition of a supersaturated Ni-C solid solutions 
The authors assume that in the course of annealing, carbonized oil 
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AUTHORS ; Rakhshtadt, AsG., Rogel'berg, I.Le, Candidates of 
; : Technical Sciences and Puchkov, B.I., 
Sveshnikova, G.A., Engineers 


TITLE: A study of methods of increasing the strength of 
copper=base spring alloys 


PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov, 
nos 1, 1962, 45 = 56 


TEXT: The object of the investigation described in the 
present paper was to carry out a systematic study of the effect 
of mechanical and thermal treatment on the mechanical properties 
of several copper-base alloys. These included: a 

n85 (L85) (84.67% Cu, remainder Zn); J] 80 (U80) (79.18% Cu, 
remainder Zn); J168 (L68) (67.26% Cu, remainder Zn); 

Gp.0G 6-5-0015 (BreOF6.5-0.15) (6.4% Sn, 0.20% P); Bp.Od 4-0.25 


(Br.OF4-0.25) (3.56% Sn, 0.28% P); Bp.OU, 4-3 (Br.oTs4-3) 
(3.94% Sn, 3.1% Zn); Gp-f" (Br.AZ (7.63% Al); Gp.KMu 3-1 
(Br. KMts3-1) (2.82% Si, 1.015% Mn); MMU, 15-20 (MNTs15-20) 
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(65.19% Cu, 14.75% Ni, remainder Zn). The alloys were melted 

in an induction furnace and the ingots, after two hot-rolling 
operations, were cold-rolled with intermediate anneals, the 

last anneal being carried cut on sheet 1.5 mm thick. This was 
cold-rolled to the final thickness of 0.75, 0.5 or 0.375 mm. 

The mechanical properties were measured both on cold-rolled 
material and on specimens subsequently heat-treated. All the 
tests were carried out two months after the completion of thermal 
and mechanical treatment. The results can be summarized as 
follows. 1) Cold plastic deformation increases the hardness, 
elastic limit, elastic modulus and electrical resistance of all 
the alloys studied; this effect increases with increasing 
degree of cold-working and is associated with an increase in the 
dislocation density, formation of stacking faults and a change 
in the atomic structure of the alloys. Regarding the effect 

of alloying additions on the work-hardening characteristic of 
copper, tin has been found to be more effective than aluminium, 
Silicon or zinc. 
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2) An additional increase in the mechanical properties, 
affected by cold plastic deformation, can be obtained by a 
low-t emperature treatment carried out below the recrystallization 
temperature. The higher the degree of work-hardening, the more 
pronounced is the effect of this treatment. The changes brought 
about by cold-working alone or combined with low-temperature 
annealing are exemplified by the results obtained on aluminium 
pronze (alloy A7). These are reproduced in Fig. 1h, where the 
9 : 
); 


increment of the elastic modulus (AE, kg/mm elastic limit 


or? g/m) Vickers hardness (HV) and electrical resistivity 


(Q , D.mm/m) are plotted against the degree of cold 

deformation (%) without and with subsequent low-temperature 
annealing (continuous and broken curves, respectively); instead xf 
of the true elastic limit, the values of 0.002, 0.005 and 


0.01% proof stress (89. 902” “5.005 and % 4) respectively) 


are plotted. The increase in the elastic limit brought about 
by low-temperature annealing can be attributed to the resultant 
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relief of localized stresses, eliminatio’ of point defects, 
diffusion processes associated with atomic displacements, and 
redistribution of dislocations. , 
3) All the alloys studied in work~hardencu: condition are 
anisotropic in respect of their elastic properties. This 
effect is evidently associated with anisotropic distribution 
of dislocations on the active slip systems. Since the 
increase in the elastic limit brought about by low-temperature 
annealing is not the same in all directions, anisotropy of 
elastic properties in material subjected to this treatment is 
practically non-existent. This is demoystrated in Figs 2, 
showing the magnitude of “9.005 (kg/mm”) in various directions, 


the vertical and horizontal directions corresponding to directiom 
parallel and normal to the direction of rolling; graph a 

relates to specimens cold-worked to 60% reduction, graph 6§ 

to specimens subsequently annealed under optimum conditions, as 
shown in Table 3; Curves 1 = 4 relate tol - L68, 2 = 
Br.OF6.5-0.15, 3 - BreKMts3-1 and 4 ~ MNTs 15-20. 
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4) None of the alloys studied is in a stable condition 

after plastic deformation. Brasses, in particular, if loaded 
under conditions of stress different from those obtaining during 
the-initial cold-working operation, suffer a decrease in 
strength. This effect is attributed to the destruction of 
atomic segregation brought about by the first plastic-defor- 
mation process. 

5) The low-temperature treatment of work-hardened specimens 
of the alloys studied does not significantly increase their 
resistance to heavy plastic deformation, which indicates that 
the combined mechanical and thermal treatment does not bring 
about effective blocking of dislocations. It is for this x 


reason that a sharp decrease in the elastic limit of brass 

and bronze A7 is produced when, after plastic deformation 
followed by low-temperature annealing, they are again plasti- 
cally deformed even to a very small degree. Consequently, parts 
made of these alloys and treated in the manner described should 
not be stressed in service beyond the elastic limit. 
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6) Low-temperature treatment of work-hardened alloys increases 
their relaxation stability. This is demonstrated by the 


relaxation (stress o., kg/mm versus time, hours) curves x 


reproduced in Fig. 4 for ‘a ~ L68, 6 - L80, 64 - L85, 

2. ~ Br. OF4-0.25, 0 = BroOF4-3, e - Br.OF6.5-0:15, 

¥o- BroA7, 3 - BroKMts 3-1, u ~ MNTs15-20, Curves 1 relating 
to specimens cold-rolled to 60% reduction and Curves 2 to 
Specimens subsequently annealed according to the schedules 
shown in Table 3. In addition, low-temperature treatment 
increases the stability of elastic properties of the alloys 
under conditions of cyclic loading. For instance, in the case 
of a cold-rolled specimen of MNTs alloy, subjected to 


10° cycles under a stress of 22.8 ke/me os the relaxation stress 


decreased after 360 hours from 57.5 to 26.2 leg /uons in the 
case of specimens which after cold-working were annealed at 
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300 % for 3 hours, the relaxgtion stress decreased under the 
Same. conditions to 38.0 kg/mm only; the elastic limit 
decreased by 5% in the former and remained constant in the 
latter case. There are 9 figures, 3 tables and 36 references: 
30 Soviet-bloc and 6 non-Soviet-bloc. The four latest English- 
language references mentioned are: Ref. 14: 0. Izumi. - 
Journal of the Japan Institute of Metals, v.23, 1959; - 

Ref. 34: R. Feder, A. Novick, D.B. Rosenblat - Journal 

Appl. Phys., ve29, 1958; Ref. 35: Le-Claire, D., Lomer, M.M., 
Acta metallurgica, v.2, no.'11, 1954; Ref. 36: A. Cottrell, 
R.G. Stoks - Proc. Royal Soc., vsA233, 1955. 
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~<’ and the ratio of the cuter coarae- ‘grained layer to the inner fine-grained layer ~ 
,-was. 1:1. Microstructural analysis. revealed inner oxidation of specimens co 
ing up to 4% Si with an oxidation zone that increased after the Si contents was. 
.! lowered, temperatures rose. and oxidation. time ‘was extended.. The. increased » 
 geale formation on the ‘specimens. was. attributed to. the diffusion of. Ni? and» oe 
oh giat. dons and the counterdiffusion of 0? sions. Orig. art. hast. 8. figures and 
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